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TECHNICAL FIELD 

The present invention relates generally to satellite 
communication systems, and more particularly, to wireless spot beam hopping 
packet scheduler system. 

5 BACKGROUND ART 

Satellites and other spacecraft are in widespread use for various 
purposes including scientific research and communications. These 
communications missions, however, cannot be accurately fulfilled without 
digital communications, hi many applications, the satellite rehes upon a form of 
10 digital communication referred to as Asynchronous Transfer Mode (ATM) to 
relay various information. 

Asynchronous Transfer Mode (ATM) is one of the general class 
of digital switching technologies that relay and route traffic by means of a 
virtual circuit identifier (VCI) contained within the cell. Unlike common packet 

15 technologies, such as X.25 or frame relay, ATM uses very short, fixed length 
units of information, called cells, hi applications utilizing ATM, packets at a 
source are first broken up into these fixed length packets (ATM cells), 
transmitted, and then reassembled at a destination. ATM cells are 53 bytes long. 
They consist of a 5-byte header (containing an identifier of data flow which 

2 0 implicitly identifies the source address and the destination address) and a 48- 
byte information field. The header of an ATM cell contains all the information 
the network needs to relay the cell from one node to the next over a pre- 
established route. User data is contained in the remaining 48 bytes. 
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ATM uses a concept of virtual networking (or channels) to pass 
traffic between two locations, establishing virtual connections between a pair of 
ATM end-systems which are needed to connect a source with a destination. 
These connections are termed "virtual" to distinguish them from dedicated 
5 circuits. ATM cells always traverse the same path from source to destination. 
However, ATM does not have to reserve the path for one user exclusively. Any 
time a given user is not occupying a link, another user is free to use it. 

ATM connections exist only as sets of routing tables held in each 
network node, switch, or other intermediate system, based on the virtual circuit 
identifier (VCI) and virtual path identifier (VPI) contained in the cell header. 
When a virtual path is established, each node (or switch) is provided with a set 
of lookup tables that identify an incoming cell by header address, route it 
through the node to the proper output port, and overwrite the incoming VCLVPI 
with a new one that the next node along the route will recognize as an entry in 
its routing table. 

The cell is thus passed from switch to switch over a prescribed 
route, but the route is "virtual" since the facihty carrying the cell is dedicated to 
it only while the cell traverses it. Two cells that are ultimately headed for 
different destinations may be carried, one after the other, over the same physical 
wire for a common portion of their journey. 

Prior art satellite implementations use fixed beams which are 
configured so that they do not interfere with each other. With this setup, ATM 
switching fimctionality can be implemented in a manner which is functionally 
equivalent to traditional ground based ATM implementations. However, such 
2 5 methods do not have the ability to handle hopped spot beams where all beams 
use the same frequency spectrum (frequency reuse) in a satellite that has fewer 
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spot beams than destinations. Generally, the frequency spectrum is reused 
multiple times between different spot beams in order to increase the utilization 
of the allocated frequency spectrum. For a satellite that has fewer spot beams 
than destination regions (or cells), the spot beams are in turn reused (i.e., 
5 hopped) to service multiple destination regions in a Time Division Multiplexed 
basis. Time division multiplexing uses fixed time intervals (slots) during which 
each spot beam transmits a burst of packets to its respective destination. Since 
spot beam destinations need to be chosen dynamically for each slot based on the 
packets scheduled out at that time, the switch needs to be able to carefully select 
i;y 1 0 the packets for each beam in each slot scheduled out at that time, the switch 

needs to be able to carefully select the packets for each beam in each slot so that 
% none of the spot beams spatially interfere with each other in the respective slot. 

- Also, the switch needs to provide fairness with flexibility to prioritize 

fy bandwidth offered to customers appropriate to the specific business model for 

;Vh 15 the system. The said flexibility needs to be achieved on a system that uses 

-3 hopped spot beams and frequency reuse. Traditional ATM methods do not 

accommodate switching over links which compete with each other for physical 
properties and resources such as frequency isolation, transponder power, and 
bandwidth. 

2 0 Another disadvantage of traditional ATM methods is that they 

are not capable of handling spot beam power constraints. The power required 
for transmitting packets can vary between destination regions due to a number 
of factors such as weather and altitude. Each spot beam is limited in its power 
output capability such that certain beams are more capable than others. Also, 

2 5 there would be a limit on the total power sununed across all active spot beams. 
Therefore, the switch has to be able to schedule packets to spot beams in a 
manner that none of the spot beams exceed their individual power capacities as 
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well as not to exceed the total power output capacity of the satelhte for all spot 
beams combined for each Time Division slot. 

The disadvantage associated with these conventional 
asynchronous transfer mode packet scheduling techniques have made it apparent 
that a new technique for spot beam hopping packet scheduling is needed. The 
new technique should be able to efficiently handle spot beam hopping 
constraints which traditional ATM implementations do not handle. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide a packet 
scheduler system which acconmiodates switching over links such as hopped 
spot beams which compete with each other for physical properties and 
resources. Another objective of the invention is to provide a spot beam hopping 
scheduhng system that achieves maximum efficiency in finding compatible 
packets while providing a means to achieve statistically weighted fairness in 
scheduling packets for destination cells. 

In accordance with the objects of this invention, a spot beam 
hopping scheduler system is provided. In one embodiment of the invention, the 
spot beam hopping scheduler system receives downlink cell ID and burst 
memory pointers fi-om a burst assembly and congestion controller and provides 
beam control information to an antenna controller and packet bursts to 
modulators. The spot beam hopping scheduler system includes a downlink 
queue that is coupled to the burst assembly and congestion controller and 
receives the downlink cell ID and burst memory pointer data. A cache is 
coupled to the downlink queue and receives and stores data fi-om the downlink 
queue. A downlink queue search controller is coupled to the downhnk queue 
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and the cache and includes control logic operative to search the downlink queue 
for mutually compatible packet bursts, and fill any empty cache slots with 
appropriate data from said downlink queue. The cache search controller 
includes a Cell ID search order table and search range tables coupled to the time 
5 slots which provide the capability for statistical weighting in servicing each 
downlink Cell ED. 

The present invention thus achieves an efficient spot beam 
hopping packet scheduler system with statistical weighting and prioritization 
capabilities while accommodating resource competing links such as wireless 

10 hopped spot beams. The present invention is advantageous in that it allows 
greater downlink/output bandwidth utilization by enabling the packet selection 
to be made across all destination cells having packet traffic such that a set of 
mutually compatible destination cells can be found. Another advantage 
provided by the present invention is that it provides the capability to perfoim 

15 weighted fair queuing in that each destination cell can be statistically weighted 
by means of a pre-configured search order, and multiplicity of cell ID entries. 
The statistical weighting is performed in addition to finding a mutually 
compatible set of destination cells per time slot (mutually compatible in terms 
of physical properties and resources). Additionally, cell ID prioritization is 

2 0 achieved per time slot basis where various size groups of cell IDs can have 
unique bandwidth allocations in multiples of time slots and/or first search 
priority. 

Additional advantages and features of the present invention will 
become apparent fi-om the description that follows, and may be realized by 
2 5 means of the instrumentalities and combinations particularly pointed out in the 
appended claims, taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be well understood, there will 
now be described some embodiments thereof, given by way of example, 
reference being made to the accompanying drawings, in which: 

FIGURE 1 is a satellite spot beam hopping packet scheduler 
system in accordance with one embodiment of the present invention.; 

FIGURE 2 is a spot beam hopping packet scheduler system in 
accordance with one embodiment of the present invention; 

BEST MODES FOR CARRYING OUT THE INVENTION 

In the following figures, the same reference numerals will be 
used to identify identical components in the various views. The present 
invention is illustrated with respect to a satellite spot beam hopping packet 
scheduler system, particularly suited for the aerospace field. However, the 
present invention is applicable to various other uses that may require a 
statistically weighted fair queuing packet scheduler optimized for dynamically 
choosing mutually compatible links in a set of links competing for various 
resources. 

Referring to FIGURE 1, a perspective view of a satellite spot 
beam hopping packet scheduler system 10 in accordance with one embodiment 
2 0 of the present invention is illustrated. The satellite spot beam hopping packet 
scheduler system 10 is comprised of one or more satellites 12 in communication 
with a ground station 14 located on the Earth 16. Each satellite 12 contains one 
or more spot beam hopping packet scheduler system 1 8 to transmit data to one 
or more ground stations 14, 




7 



Referring to FIGURE 2, a spot beam hopping packet scheduler 
system 18 in accordance with one embodiment of the present invention is 
illustrated. The spot beam hopping packet scheduler system 18 includes a 
downlink queue 20, a downUnk queue search controller 21, a cache 22, a cache 
search controller 37, and a plurality of pointer output registers 24. The plurality 
of pointer output registers 24 are used to supply burst information to an antenna 
controller 26 for setting the beam coordinates and other parameters. 

The downlink queue 20 is coupled to a congestion controller and 
burst assembly 28 and receives Downlink Cell ID and Burst Memory Pointers 
written in first in, first out order to the downhnk queue 20. The downlink queue 
20 includes a ping side 30 and a pong side 32 that may be swapped when Cache 
Depth/2 time slots expire. The downhnk queue 20 is coupled to the downlink 
queue search controller 21 and the cache 22 and provides data to the cache 22 in 
order to fill any appropriate empty locations in the cache 22. In the present 
invention, the cache 22 is divided into equal halves representing a left hand pole 
cell ID 34 and a right hand pole cell ID 36. The Cache Search Controller 37 is 
coupled to the cache and searches the cache to find compatible packet bursts. 

The contents of incoming packets are stored in main packet 
memory. Copies of the destination cell IDs and pointers to packet memory are 
managed and manipulated enough to determine the sequence order by which the 
main packet memory is read out for transmission through spot beams to their 
destination. The final stage of this "manipulation" is the scheduling. 

As packets arrive (after being assembled into bursts), they are 
stored in the downlink queue 20. The downlink queue 20 serves as a cost- 
effective buffer for the next cache stage 22. The cache 22 has a small first in 
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first out (FIFO) queue for each destination cell ID and requires more hardware 
resources to implement relative to the downlink queue 20 and, therefore, needs 
to be as small as possible. On the output side of the cache 22, a seed packet is 
selected followed by enough compatible packets to fill all parallel spot beams. 
5 New seeds are selected for each downlink time division slot time. The seeds are 
by default selected in a round-robin method across a pre-configured [per slot] 
sequential downlink cell range having traffic appropriate to the data rate and 
-J slot. However, the round-robin order is configurable to support other search 

S| orders by performing the search on a Cell ID search order table 40 which 

10 contains the cell IDs in the desired order and weighting (weighting is 
proportional to the multiplicity of Cell ID entries in the search order table). For 
:3 each time slot, the downlink queue 20 is searched to find packet bursts and fill 

=3 any appropriate empty locations in the cache. It will take Cache Depth/2 time 

^ slots to search the entire downlink queue 20. The downlink queue FIFO order 

:y 15 for each virtual connection (i.e., traffic per Cell ID) is preserved by the cache 

skip flags 47, The cache skip flags 47 disables the search for subsequent 
matches for the Cell IDs whose first match was skipped due to the respective 
Cache Queue being full. The cache skip flags are cleared before the downlink 
queue search restarts for each iteration. 

2 0 If there is a match between the Cell ID of a packet burst in the 

downlink queue 20 and the cell ID of a partially full or empty cache 22 FIFO 
queue, then that packet burst is extracted using a shuffling method and is stored 
in the cache 22 FIFO queue appropriate to the packet burst's cell ID. When 
Cache Depth/2 slots expire, the downlink queue 20 completes said search, 

2 5 swaps ping 30 and pong 32 sides and repeats the said search. This process 
ensures that the cache FIFOs stay non-empty if the downlink queue 20 has a 
packet burst for a desired cell ID (this process minimizes latency through the 
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downlink queue and maximizes scheduler performance). Note that the ping 30 
and pong 32 implementation of the downlink queue 20 can be optimized for the 
size of the downlink queue 20 memory. Instead of splitting the downlink queue 
20 into two parts, ping 30 and pong 32, it can be split into more parts. The rule 
5 for determining how much to split is to use the optimum minimum size of the 
physical memory buffers based on the technology and implementation 
constraints and apply the following formula: 

Number of memory Buffer s=(desired downlink queue size/Buffer size)+l 

The shuffling method, so far has been illustrated for the simple ping/pong 
downlink queue 20 implementation. For a downlink queue split more than two 
halves, the shuffling would select a pair of adjacent buffers and label them ping 
and pong until one or both buffers have been completely processed. Once the 
pong or both buffers have been processed, the adjacent buffer(s) will be enabled 
and labeled as ping or pong as appropriate and processing continues on the 
newly selected buffer(s). When processing (searching) completes on a buffer, 
the search continues on the adjacent buffer until the end of the downlink queue 
is reached. 

hi concurrence with the downlink queue searching, the cache 
search controller 37 searches the cache to find mutually compatible packet 
2 0 bursts. The Cache cell ID search procedure is illustrated in Figure 3. The cache 
cell ID search procedure has two stages where one stage searches for the cell ID 
pointer 38 & 39 and the second stage does an indirect lookup of the cell ID fi-om 
the Cell ID Search Order Table 40 memory location specified by the cell ID 
pointer. Furthermore, the first stage has two search regions. Search Region 0 
2 5 39 is defined per time slot basis so that the respective time slot can be confined 
for servicing the group of Cell IDs specified in the cell ID search order table 40. 
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Flexibility has been added by providing two search modes. Search Mode 0 
confines the search to search region 0 39 where the search continues 
sequentially, in a round-robin manner until the time slot period expires or until 
all spot beams have been assigned 48 using the beam assignment algorithm 52. 
5 Search Mode 1 allows the cell ID pointer search to perform one sequential loop 
in Search Region 0 39, followed by another sequential loop in Search Region 1 
38. The said double loop repeats until either the time slot period expires or all 
spot beams have been assigned. The two search modes allows the operator to 
choose between prioritization of a time slot to a group of cell IDs, and providing 
1 0 exclusivity to a group of cell IDs. The said search modes provide prioritized 
service to destination cells at the time slot level. 

Fairness in the seed packet burst selection is maintained by 
remembering the search start cell ID pointers, referred as the Last Seed 51. A 
unique Last Seed (n) 51 is associated with each cell ID pointer range where 

15 there are "n" pointer ranges consisting of Start(n), Stop(n), Seed Mode(n), and 
Search Mode(n) 53 and each parameter associated with "n" is pre-configured to 
zero or more time slots. The "n" is proportional to the flexibihty needed for the 
business model and represents the number of prioritization settings between 
time slots. The importance of remembering the last seed is that on the next time 

2 0 slot that uses "n", the search for the seed can start at a different cell ID pointer 
and give opportunity for other cell ID pointers to be selected. This concept is 
the key to achieve fairness since the seed packet burst (with traffic) always gets 
chosen since there are no other packet bursts assigned for it to be incompatible 
with. Since the seed packet burst always gets assigned to an available spot 

2 5 beam, it is important not to choose the same packet burst as a seed in 
consecutive time slots for "n". 
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The spot beam hopping packet scheduler system provides two 
seed search modes to achieve fairness. For seed mode 0, the cache search 
controller 37 starts the seed search by choosing the cell ID pointers sequentially 
in a round-robin method for each time slot associated with "n" regardless of 
whether the cell ID associated with the cell ID pointer has packet traffic or not. 
For seed mode 1, the cache search controller 37 starts the seed search from the 
next cell ID pointer that has a cell ID with packet traffic. Thus, the two seed 
search modes achieve fairness in different ways. The seed mode 1 achieves 
better performance for bursty, low packet queuing load and maintains fairness 
on all traffic conditions. However, seed mode 0 achieves better performance for 
bursty, high average packet queuing load but preserves fairness if there are no 
significant number of consecutive cell IDs without packet traffic. Thus, the 
seed modes provide flexibihty to the desired balance of fairness and queuing 
performance. 

During the cache search, for each cell ID pointer computed 41, 
the cell ID pointer is looked up in the cell ID search order table 40 to obtain the 
cell ID. Each Cell ID is used to determine whether it has packet bursts in the 
cache FIFO 45 and any beams area available 50. If so, determine if the cell ID 
is compatible with any cell IDs previously assigned to a spot beam in the same 
time slot. The compatibility is determined by performing a beam isolation 
check 42, an aggregate power check 43, and an amplifier power check 44. The 
beam isolation check 42 is performed on a cell IDs currently assigned to beams 
50 to verify that the new cell ID is compatible with them. The aggregate power 
check 43 is performed to verify that the new cell ID does not require beam 
amplifier power which when added to the power requirements of the other 
previously assigned cell IDs does not exceed the total transponder power. The 
amplifier power check 44 is performed on all available beam amphfiers not 
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assigned to other cell IDs to verify that at least one of them has sufficient 
capability to amplify the beam for the new cell ID. If all checks are positive, 
then the packet burst of the new cell ID under consideration will be assigned to 
the lowest power capable beam amplifier that meets or exceeds the power 
5 requirements of the new cell ID as shown in the spot beam assignment 
algorithm 52. At the end of the slot, all assigned Cell IDs will be scheduled out 
by de-queuing their respective packet burst and antenna control information 
from the cache 22 and eventually from the external packet memory and 
appropriate information is sent to the antenna controller and modulators to be 
1 0 beamed down. 

The method and system of the present invention thus achieves 
maximum efficiency in finding compatible packets while implementing fairness 
between destination cells. Additionally, the present invention allows greater 
downlink/output bandwidth utilization by enabling the packet selection to be 
15 made across all destination cells having packet traffic. Thus, the shared queue 
and cache together appear as a virtual queue per destination cell ED, optimize 
the search for compatible packets/bursts, and add flexibility in packet/burst 
selection (for quality of service control). 

From the foregoing, it can be seen that there has been brought to 
2 0 the art a new and efficient spot beam hopping packet scheduler system. It is to 
be xmderstood that the preceding description of the preferred embodiment is 
merely illustrative of some of the many specific embodiments that represent 
applications of the principles of the present invention. Clearly, numerous and 
other arrangements would be evident to those skilled in the art without departing 
2 5 from the scope of the invention as defined by the following claims. 



